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Abstract. The cosmic microwave background is now fullling its promise of
determining the basic cosmological parameters describing our Universe. Future
study of the microwave background will mostly be directed towards two basic
questions: a complete characterization of the initial perturbations, and probes of
the nonlinear evolution of structure in the Universe. The basic scientic issues
in both of these areas are reviewed here, along with possibilities for addressing
them with further microwave background measurements at higher sensitivities
and smaller angular scales. The proposed ACT experiment, which will map 200
square degrees of sky at arcminute resolution and micro-Kelvin sensitivity in
three microwave frequency bands, is briefly described as an example of rapidly
advancing experimental technique.
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I WHERE WE ARE NOW
The cosmic microwave background is one of the best-studied sources of cos-
mological information (see [?,?,?] for reviews). It is nearly isotropic on the
sky, with small temperature fluctuations at the level of one part in 105. These
fluctuations arise from several basic physical mechanisms in the early Uni-
verse at a redshift z ' 1100: gravitational redshift, temperature fluctuations
at the last scattering surface, Doppler shifts from peculiar velocities at the
last scattering surface, and diusion damping through the thickness of the
last scattering surface [?,?]. In addition, further temperature fluctuations and
spectral distortions arise from gravitational and scattering eects at compar-
atively recent epochs, with z < 3. Simple arguments show that the microwave
background should also have small polarization fluctuations, roughly an order
of magnitude smaller than the temperature fluctuations [?].
A Power Spectra
The temperature fluctuations have been measured and studied in detail for
the past decade, beginning with the watershed COBE detection [?], while the
rst measurement of polarization fluctuations by Kovac and collaborators has
been discussed at this conference. So far, on angular scales down to about
a degree, the temperature fluctuations appear to possess a Gaussian random
distribution [?,?]. To the extent that the fluctuations are Gaussian, they are
described completely by their power spectra. A parity-invariant distribution of
primordial fluctuations will result in four non-zero power spectra: temperature




l , and the cross-correlation C
TE
l [?,?,?] (where
l is the multipole moment, inversely proportional to angular scale with l = 200
corresponding to one degree). These are the observables we will primarily
consider here, although additional non-Gaussian temperature structure in the
maps will also be very interesting to probe.
